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ABSTRACT

A froth ?otation method and apparatus for the recovery
of ultra-?ne constituent are provided. The apparatus
includes a ?otation column having a drain for with
drawing tailings and under?ow and an over?ow for
recovering the selected ultra-?ne constituent. A mecha
nism is provided for delivering a wash medium to an
upper portion of the column as well as for delivering
diffuse air to a lower portion of the column. A slurry
including the constituent to be recovered is received
and conditioned within a tank that is connected by

Field of Search ............. .. 209/164, 168, 169, 170,

means of a feed line to the column. Additionally, a

209/166; 210/703, 704, 705, 706, 707

mechanism is provided for dissolving air in the slurry in
the conditioning tank. Further, one or two matrixes
may be mounted across the ?otation column to further
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an intermediate portion of the ?otation column; (3)
adding a reagent to the slurry that renders the selected

constituent hydrophobic; (4) establishing and maintain
ing a downwardly ?owing stream of wash medium in

the ?otation column; (5) establishing and maintaining an
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improve recovery. The method broadly includes the
steps of (1) dissolving air in the slurry in the condition
ing tank; (2) feeding the slurry through the feed line into

upwardly moving stream of diffuse air originating at a
lower portion of the ?otation column; and (6) recover
ing the selected ultra-?ne constituent and diffuse air
from the upper portion of the column.
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ered through over?ow from the top section of the col
FROTH FLOTATION METHOD FOR RECOVERY
OF ULTRA-FINE CONSTITUENT

TECHNICAL FIELD
The present invention relates to an improved froth
?otation method and apparatus for the recovery of a
selected ultra-?ne constituent, such as coal, that pro
vides both enhanced recovery and grade.

BACKGROUND OF THE INVENTION

Coal water fuel has the potential to replace fuel oil.

More particularly, in the future it is expected that high
oil prices will make coal slurry fuels more competitive

umn.

While relatively effective in separating coal from ash
or tailings, the column of the type disclosed in the Bou
tin et al. patent may still be the subject of improvement
to provide still more ef?cient and effective separation
and enhanced recovery as well as grade. More particu

larly, the Boutin et al. apparatus essentially relies solely
upon direct attachment by collision of particle and bub
ble for ?otation. This mechanism is only effective for
particles falling within a particular size fraction or
range. Other, relatively smaller coal particles on the
order of 21 pM are not effectively recovered. Accord

ingly, there is a signi?cant loss of recoverable coal.

with and even preferable to foreign oil.
The majority of coal water fuel suppliers use a bene?

In an effort to address this shortcoming, ?otation
columns have also been equipped with packing or other
structures speci?cally adapted to de?ne a large number

cation technique to produce a low ash product. Typi
cally, either physical or chemical coal cleaning tech

of ?ow passages extending in a circuitous or tortuous

glomeration are more economical than chemical leach

a plurality of spaced plates including uniformly spaced

ing techniques. Of these two physical coal cleaning

rows of corrugations. These spaced plates are specifi

path between the upper and lower portions of the col
niques are utilized. Generally, however, physical coal 20 umn. For example, US. Pat. No. 4,592,834 to Yang,
cleaning techniques such as froth ?otation or oil ag
discloses such a column wherein the packing consists of
cally adapted to break individual bubbles into a number
techniques, froth flotation appears to be the most eco
25 of bubbles of smaller size in an effort to increase the size
nomical and well established.
fraction or range of coal with which the bubbles will
Froth flotation was ?rst discovered in 1906. It was
interact so as to improve overall recovery. While rela
developed for the non-ferrous minerals industry to re

cover extremely ?ne, free minerals from slime. This

tively effective, froth ?otation columns equipped with

technique, developed nearly 80 years ago, remains basi
cally the same today. The froth flotation mechanism

ef?cient and effective separation and enhanced recov

employs the principles of colloid chemistry, crystallog

ery.

raphy and physics. Separation of one mineral from an
other is achieved by the use of speci?c reagents and
chemical conditions. The addition of chemical reagents
makes one mineral surface hydrophobic through ad

sorption, while leaving the other mineral surfaces hy

drophilic. The bene?cation is accomplished by sparging
air through the suspension, whereby air bubbles laden
with hydrophobic particles rise to the surface of the
pulp or slurry, leaving behind the hydrophilic particles.
Froth ?otation is a complex physico-chemico
mechanical process. The process and, particularly, bub
ble-particle attachment is in?uenced by many variables

including pH, pulp or slurry density, particle size, bub
ble size and air ?ow.
There are two mechanisms proposed for explaining

bubble-particle attachment in ?otation. These mecha
nisms are (1) direct attachment by collision of particle
and bubble and (2) precipitation of dissolved gas on

hydrophobic particle surfaces. The collision mechanism
has been veri?ed using high speed photography and
theoretical equations. The gas precipitation mechanism
also has been demonstrated. Both mechanisms have

such packing may still be improved to provide yet more
.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the present
invention to provide a froth ?otation method and appa
ratus for the recovery of a selected ultra-?ne constituent

overcoming the above-described limitations and disad
vantages of the prior art.
Another object of the present invention is to provide
a froth ?otation method and apparatus exhibiting im

proved ef?ciency of separation and enhanced recovery
of coal or other selected constituent from ash and/or

tailings.
Yet another object of the present invention is to pro
45 vide a froth ?otation method and apparatus furnishing a

signi?cant enhancement of not only recovery, that is,
the ratio of solid material in the feed, but also grade, that
is, the ratio of the desired constituent in the material
recovered to the total material recovered.

Yet another object of the present invention is to pro
vide an improved froth ?otation method and apparatus

particularly adapted for ef?ciently recovering coal of a
broader-size, fraction or range.

Additional objects, advantages and other novel fea
attained worldwide recognition, however, the collision 55 tures of the invention will be set forth in part in the
mechanism has been universally accepted over the bub

description that follows and in part will become appar

ble precipitation mechanism.

em to those skilled in the art upon examination of the

An example of a basic froth ?otation apparatus is
disclosed in U.S. Pat. No. 3,339,730 to Boutin et al. The
Boutin froth ?otation apparatus includes a column hav

following or may be learned with the practice of the
invention. The objects and advantages of the invention

ing upper, intermediate and lower sections. Initially,
ground coal, oil, water and the necessary conditioning

mentalities and combinations particularly pointed out in
the appended claims.
To achieve the foregoing and other objects, and in
accordance with the purposes of the present invention

and ?otation agents are added to and agitated in a con

ditioning tank. After conditioning, the resulting coal

may be realized and obtained by means of the instru

slurry or pulp is fed into the intermediate section of the 65 as described herein, an improved froth ?otation method
column. A porous metal air diffuser is positioned in the
for the recovery of selected ultra-fine constituent utiliz
bottom section of the column to provide air bubbles for
ing an apparatus including a slurry conditioning tank, a
feed line and a ?otation column is provided. The
?oating the hydrophobic material which is then recov

3
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method includes the initial step of dissolving air in an

aqueous slurry (including the selected constituent) in
the conditioning tank. Next is the step of feeding the
slurry through the feed line into a median or intermedi
ate portion of the ?otation column. A reagent is added
to the slurry to render the selected constituent hydro

phobic to allow for recovery. Preferably, the reagent is
added to the slurry in the feed line.
The method also includes the step of establishing and
maintaining a downwardly ?owing stream of wash
medium in the ?otation column. More particularly, the
wash medium is introduced at an upper portion of the

?otation column while wash medium laden with tailings
is withdrawn from a lower portion of the ?otation col
umn. An additional step relates to the establishing and
maintaining of an upwardly moving stream of diffuse air
in the form of air bubbles originating at a lower portion
of the ?otation column. As the air bubbles collide with

the selected constituent, that has already been rendered
hydrophobic through reaction with the reagent prior to
delivery to the ?otation column, attachment is com
pleted. The selected ultra-?ne constituent then rises
with the bubbles where it is recovered as over?ow from

4

recovering a selected ultra-fine constituent from the
froth.
The column also includesv means in the form of a
conduit and spray head for delivering a wash medium to
an upper portion of the column. Additionally, means are

provided for delivering diffuse air to a lower portion of
the column. More particularly, a source of air is con
nected by means of a conduit to a diffuser.

A conditioning tank is provided for receiving and
conditioning an original slurry including the selected
constituent. Five, ten and twenty percent pulp density
suspensions or slurries may be prepared. A mechanism
is provided in the conditioning tank to dissolve air into
the slurry as previously described. An agitator may also
be provided to increase the efficiency of this process.
After a suf?cient residence time, the slurry is trans
ferred to the ?otation column. More specifically, a feed

line is provided for conveying the slurry from the con
ditioning tank to the intermediate portion of the ?ota
tion column where separation of the selected constitu
ent from the tailing is undertaken.
A means such as a conduit and pump is also provided

for adding reagent or reagents to the slurry in the feed

line. The reagent(s) selected is (are) speci?cally adapted
the upper portion of the column.
More preferably, the method includes the step of 25 for rendering the selected constituent hydrophobic so
that it will attach to the dissolved and diffused air in the
pressurizing the slurry in the conditioning tank to sub
column
and rise for recovery at the over?ow.
stantially between 40 to 60 psig so as to dissolve an
As
indicated
above, in order to improve and enhance
appropriate amount of air in the slurry. Upon subse
the recovery and grade of the selected constituent, a
quently introducing the slurry into the ?otation column
matrix may be mounted across the ?otation column (1)
at ambient pressure, the dissolved air is released and
in the froth zone adjacent an upper portion of the col
actually precipitates on the hydrophobic particle sur
umn as well as (2) in the recovery zone adjacent a me
faces. In particular, the dissolved air precipitates pri
dian portion of the column. Each matrix is formed by a
marily on the relatively small particles of selected con
series of lattice discs approximately 2 inches in diame

stituent having an average size of approximately 21 uM. 35 ter, spaced } inch apart. The matrixes advantageously
In contrast, the air introduced at the lower portion of
serve to maintain a smaller overall air bubble size for
the ?otation column through a diffuser collides with

and provides effective recovery of relatively larger
particles of selected constituent having an average size

of approximately 34 uM. Together, the dissolved air
and diffuse air serve to efficiently and effectively attach
to particles over a broader size range so as to improve

the overall recovery and grade of the selected constitu
ent.

better interaction with the selected constituent and thus
better coal recovery. The matrixes also serve to provide
a tortuous pathway for the wash medium, selected ul
tra-?ne constituent and diffuse air which serves to in

crease the residence time and hence the cleaning action.

Accordingly, enhanced recovery and grade of selected
constituent are provided.
Still other objects of the present invention will be

In accordance with yet another aspect of the present 45 come apparent to those skilled in this art from the fol
invention, the froth ?otation method includes the step
lowing description wherein there is shown and de
of providing a matrix in the upper portion of the ?ota
scribed a preferred embodiment of this invention, sim
tion column. This matrix provides a tortuous path for
ply by way of illustration of one of the modes best
the aqueous wash medium, the selected ultra-?ne con
stituent and the rising diffuse air. The matrix also serves
to spread the wash medium being introduced into the
column over a larger area. Accordingly, more efficient

washing and cleaning of ash and tailings is provided so

suited to carry out the invention. As it will be realized,

the invention is capable of other different embodiments
and its several details are capable of modification in

various, obvious aspects all without departing from the

invention. Accordingly, the drawings and descriptions

that a purer product is recovered.
will be regarded as illustrative in nature and not as
An additional matrix may also be provided in an 55 restrictive.
intermediate portion of the ?otation column. This ma
BRIEF DESCRIPTION OF THE DRAWING
trix serves to significantly increase the opportunity for

interaction between the diffuse air bubbles and hydro

The accompanying drawing incorporated in and

phobic selected constituent so as to improve overall
recovery.

forming a part of the speci?cation, illustrates several
aspects of the present invention, and together with the
description serves to explain the principles of the inven
tion. In the drawing:

In accordance with yet another aspect of the present
invention, a froth ?otation apparatus for recovering a
selected ultra-?ne constituent is provided. The appara

FIG. 1 is a schematical sectional view of the froth

tus includes a ?otation column having an upper froth

?otation apparatus of the present invention;

zone, an intermediate cleaning zone and a lower recov 65

bottom wall for withdrawing tailings and under?ow.

FIG. 2 is a detailed fragmentary plan view of a matrix
of the type positioned in the froth ?otation column in
accordance with the teachings of the present invention;

An over?ow is provided at the top of the column for

and

ery zone. The column also includes a drain adjacent the

'
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cylinder of the type provided in the matrix shown in

between 0.01 and 0.15 cubic feet per minute is utilized.
Where the ultra-?ne constituent to be recovered is, for

FIG. 2.
Reference will now be made in detail to the present

example, Pittsburgh, Upper Freeport or Ill. No. 6 seam
coal, a ?ow rate of approximately 0.07 cubic feet per

FIG. 3 is a detailed perspective view of a treatment

preferred embodiment of the invention, an example of
which is illustrated in the accompanying drawing.

5

minute should be utilized. Such a rate substantially re

duces impurities in the recovered coal.
While the apparatus 10 of the present invention may
DETAILED DESCRIPTION OF THE
be utilized to selectively purify and collect any number
INVENTION
of different ores, minerals or materials, it is particularly
Reference is now made to FIG. 1 showing the froth 0 useful in the preparation of coal water fuel. In order to
provide enhanced recovery and grade of ultra-?ne coal,
?otation apparatus 10 of the present invention. As
it is important that the coal be properly conditioned
shown, the froth ?otation apparatus 10 includes a ?ota
prior to being delivered into the column 12.
tion column 12. As is known in the art, the column 12
Initially, the coal is ground using, for example, a mill
may have a circular, elliptical, square, rectangular or
any other shape of cross section. Additionally, the 5 such as an Attritor Mill manufactured by Union Process
length of the column should be greater than the width.
of Akron, Ohio. More particularly, the coal is ground to
a ?ne boiler grade with 80% passing 200 mesh size. A
Preferably, the column is constructed of lightweight,
slurry or solid suspension of from 2 to 20% and prefera
corrosion resistant material such as aluminum that pres
bly 5 to 10% coal is prepared and fed from a source 48
ents a smooth inner surface to minimize turbulence.
The ?otation column 12 includes a froth zone 14 20 to a conditioning tank 50. A rotating impeller 52 driven
by a motor (not shown) serves to agitate the slurry in
adjacent an upper portion of the column, a cleaning
the conditioning tank 50. During agitation, air from a
zone 16 immediately underlying the froth zone 14 and a
pressurized air source 54 is admitted into the condition
recovery zone 18 extending over intermediate and
ing tank 50 through feed line 56 at a pressure controlled
lower portions of the column 12. An over?ow conduit
20 is provided at an upper end of the column 12. As 25 by the valve 58. The ?ow rate of air into the condition
ing tank may be monitored by viewing the ?ow control
described in greater detail below, the selected ultra-fine
constituent to be recovered from the slurry is buoyed by
valve 60. The pressure within the tank may be moni
tored by viewing the pressurization gauge 62. A pres
air bubbles and moved through the over?ow conduit
sure in the range of 20 to 80 and more preferably 40 to
20. A drain 22 is provided at the lowermost end of the
60 psig is introduced into the conditioning tank 50 so as
column 12. As also described in greater detail below,
to dissolve air into the slurry. Once equilibrium is
ash and tailings are withdrawn from the column from
this drain 22. More particularly, these ash and tailings
reached, the slurry is delivered through feed line 64 to
the ?otation column 12. A valve 66 in the feed line 64
are conveyed in the wash medium being withdrawn
allows the control of the rate of feed of slurry into the
through the drain 22 as under?ow from the column 12.
A wash medium such as water is drawn from a source
?otation column 12.
As the slurry moves through the feed line 64, rea
24 and delivered through a spray inlet 26 into the upper
gents are added to the slurry that render the selected
end of the column 12. A valve 28 in the inlet line 30
allows the rate of ?ow of the wash medium to be con
constituent to be recovered, in this case coal, hydropho
bic. More particularly, reagents, known in the art for
trolled. A ?ow meter 32 in the line 30 allows con?rma
tion of the rate of ?ow being provided at any given 40 this purpose, are pumped by a pump 68 from a source 70
into the feed line 64 for mixing with the slurry. Prefera
time. Preferably, the wash medium is introduced at a
bly, the reagents utilized are fuel oil no. 2 and methyl
?ow rate of approximately 0.02 to 0.5 gallons per min
isobutyl carbinol. The reagents are prepared as an oil
ute depending upon the ultra-?ne constituent to be re
in-water type emulsion consisting of one part of rea
covered. For example, a flow rate of approximately 0.1
gallons per minute is preferred to wash certain coals 45 gents mixed with 100 parts of water. The amount of
frother (methyl isobutyl carbinol) and fuel oil collector
such as Upper Freeport, Ill. No. 6 and Pittsburgh seam
coals.
(fuel oil no. 2) utilized in the reagent mixture is in?u
enced by a number of factors. These include the size and
In order to maintain a consistent level of wash me
rank of coal to be ?oated as well as the degree of oxida
dium within the column 12 and provide the necessary
tion of the coal to be separated and recovered. Prefera
downward flow, the control valve 34 in the drain line
bly, the frother and collector are employed in amounts
36 is adjusted to provide an out?ow from the column
which effect the greatest selectivity in recovery during
substantially matching the ?ow of wash medium into
?otation. Such amounts may be determined by persons
the column from the source 24. In this way, a down
skilled in the art. Similarly, the amount of oil-in-water
wardly ?owing stream of wash medium in the ?otation
column 12 is both established and maintained.
55 emulsion to be added to the slurry running through the
feed line 64 may also be determined. For example, for
An upwardly counter?owing stream of diffuse air
most applications between approximately 0.01 and 1.00
bubbles is also established and maintained within the
lb of methyl isobutyl carbinol and 0.10 and 1.50 lb of
column 12. More particularly, an air diffuser 38 is posi
fuel oil no. 2 are required per ton of coal.
tioned within the column 12 adjacent the lower portion
The treated and conditioned coal slurry is delivered
near the drain 22. The diffuser 28 is fed from pressurized 60
into the ?otation column 12 at atmospheric pressure at
air source 40 through a feed line 42. A valve 44 in the
an intermediate portion of the column. The drop in
feed line 42 allows adjustment of the rate of air flow. Of
pressure from that provided in the conditioning tank 50
course, a ?ow meter 46 is also provided in the feed line
causes the air dissolved in the slurry to precipitate onto
42 to provide an indication of the rate of ?ow at any
65 the ultra-?ne particles of coal which have been made
given instant.
hydrophobic by treatment with the oil-in-water emul
The rate of air ?ow, like the rate of wash medium
sion including the appropriate reagents. More speci?
?ow does affect the recovery and grade of the selected
cally, it has been found that the dissolved air is very
ultra-?ne constituent. Preferably, an air ?ow rate of

7
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effective in ?oating and hence in the recovery of ultra
fme particles of coal averaging 21 uM in size. Accord

8

described, the reagent is added to the slurry in the feed
line.
As also described, the method includes the step of

ingly, these relatively small coal particles ?oat upward
from the recovery zone 18 through the cleaning zone 16
toward the froth zone 14 for eventual recovery through
the over?ow conduit 20. In contrast, the relatively

establishing and maintaining a downwardly ?owing
stream of wash medium in the ?otation column 12 with
the wash medium being introduced at an upper portion
of the column. Further, the method includes the step of

larger and heavier coal particles along with other ash
and tailings are drawn downwardly with the flow of the
wash medium through the column 12 from the inlet 26

establishing and maintaining an upwardly moving

to the drain 22. As the relatively larger coal particles,
having a size averaging approximately 34 uM, move
downwardly in the column 12, they collide with air
bubbles from the diffuser 38. Since the coal particles
have been rendered hydrophobic by the addition of the
oil-in-water reagent emulsion in the feed line 64, the
colliding air bubbles become attached to the coal parti
cles which then rise upwardly in the column 12 against
the downward ?ow of the wash medium. Thus, these
relatively larger particles are also drawn by the air

?otation column 12. Finally, the method also includes
the step of recovering the selected ultra-?ne constituent
and diffuse air from the upper portion of the column 12.
In contrast, tailings and wash medium are withdrawn

bubbles upwardly through the recovery, cleaning and

stream of diffuse air originating at a lower portion of the

from a lower portion of the column 12.
In summary,'numerous benefits have been described

which result from employing the concepts of the pres
ent invention. Advantageously, the apparatus and
method of the present invention provide for improved
efficiency of separation and‘ enhanced recovery and
20 grade of a selected ultra-?ne constituent.

froth zones 18, 16 and 14 for recovery through the
over?ow 20. In contrast, the ash and tailings which are
not rendered hydrophobic continue to be drawn down

The foregoing description of a preferred embodiment
of the invention has been presented for purposes of
illustration and description. It is not intended to be

wardly through the column 12 with the wash medium
exhaustive or to limit the invention to the precise form
until withdrawn from the column through the drain 22. 25 disclosed. Obvious modifications and variations are
In order to further improve the efficiency of separa
possible in light of the above teachings. The embodi
tion and enhance both recovery and grade of coal, it has
ment was chosen and described to provide the best
been found desirable to position a matrix 72, extending
illustration of the principles of the invention and its
across the entire opening of the column 12, at a median
practical application to thereby enable one of ordinary
portion of the column in the recovery zone 18. This 30 skill in the art to utilize the invention in various embodi
matrix 72 provides a tortuous pathway for the wash
ments and with various modi?cations as is suited to the
medium, selected ultra-?ne constituent and diffuse air
particular use contemplated. All such modifications and
which effectively serves to increase the residence time
variations are within the scope of the invention as deter
in the column and hence the separation efficiency. Ac
mined by the appended claims when interpreted in ac
cordingly, better separation and enhanced recovery
cordance with breadth to which they are fairly, legally
result.
and equitably entitled.
Further, an additional matrix 72 of the same type may
We claim:
be positioned adjacent an upper portion of the column
1. A froth ?otation method for the recovery of a
12 in the froth zone 14. This matrix 72 serves to increase
selected ultra-fine constituent utilizing an apparatus
the residence time of the particle ladenfroth at the top
including a pressurized air source, a slurry conditioning
of the column 12 where it is subjected to the wash me
tank, a feed line and a ?otation column, comprising the
dium spray being introduced into the column. This
steps of:
matrix 72 also serves to spread the spray over a larger

area. Together, these advantages lead to improved
cleaning of tailings and ash from the selected constitu 45
ent held in the froth and hence, enhance grade.

dissolving air in said slurry in said conditioning tank
in the absence of ?otation reagent by admitting air
from said pressurized air source at a pressure above

Preferably, the matrixes 72 are formed from a corro
sion resistant material such as plastic or aluminum. As

atmospheric pressure;
feeding said slurry with dissolved air through said
feed line;

best shown in FIGS. 2 and 3, each matrix 72 comprises

adding a ?otation reagent to said slurry to render said

a series of treatment cylinders 74 held in a framework in 50

selected constituent hydrophobic, said ?otation
reagent being added only after the dissolving of air
in said slurry is completed;
delivering said slurry with dissolved air and ?otation
reagent into said ?otation column at atmospheric

aligned rows and columns. Each cylinder 74 comprises
a series of aligned lattice discs 76 having a diameter of '

approximately 2 inches with each disc spaced I inch
apart. Preferably, each cylinder 74 is at least six inches
tall. Advantageously, the criss-crossing lattice structure
serves to maintain a smaller overall air bubble size by

breaking larger air bubbles into multiple smaller bub
bles. This allows better attachment through bubble/par
ticle collision in the recovery zone 18 and hence more

effective recovery.

Brie?y summarizing, the froth ?otation method for
the recovery of selected ultra-?ne constituent utilizing
the apparatus 10 described above, includes the step of
dissolving air in the slurry in the conditioning tank.
Next is the feeding of the slurry from the conditioning 65
tank through a feed line into an intermediate portion of
the ?otation column 12. Reagent is added to the slurry
that renders the selected constituent hydrophobic. As

pressure;

establishing and maintaining a. downwardly ?owing
stream of wash medium in said ?otation column,
said wash medium being introduced at an upper

portion of said ?otation column;
establishing and maintaining an upwardly moving
stream of diffuse air originating at a lower portion

of said ?otation column;
providing a matrix in said upper portion of the ?ota
tion column so as to provide a tortuous path for

said wash medium, selected ultra-?ne constituent
and diffuse air; and
recovering said selected ultra-?ne constituent from
said upper portion of said column.

9

5,116,487

only in said feed line.
3. The froth ?otation method set forth in claim 1,

further including pressurizing said slurry in said condi

10

further including providing a matrix in said intermedi

2. The froth ?otation method set forth in claim 1,
wherein said ?otation reagent is added to said slurry

ate portion of said ?otation column so as to provide a

tortuous path for said wash medium, selected ultra-?ne
constituent and diffuse air.
5. The froth ?otation method set forth in claim 1,
5

further including withdrawing tailings and wash me

tioning tank to substantially between 20 to 80 psig to
dissolve air in said slurry.
4. The froth ?otation method set forth in claim 1,

dium from a lower portion of said column.
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